The development of new Capsicum cultivars aiming to meet market requirements will depend, above all, on the genetic diversity of the study population. To quantify this genetic divergence, several multivariate techniques assessing quantitative traits have been employed. This study aimed to: i. estimate the genetic diversity among Capsicum chinense accessions from the Active Germplasm Bank of Plants of the Federal University of Viçosa (BGH-UFV); ii. indicate promising accessions for prospective studies of specific market niches; iii. evaluate the disposal of redundant traits. The experiment was conducted in a completely randomized design with four replicates, in which 11 C. chinense accessions were evaluated, based on 11 quantitative fruit traits. The data were subjected to cluster analysis by the UPGMA and Tocher methods, based on the quadratic Euclidean distance, to assess diversity. Afterwards, we used principal component analysis, Jolliffe's method and procrustes analysis for the disposal of traits. The highest genetic dissimilarity was obtained between accessions 2 and 10. The phenotypic correlation coefficients obtained were 0.75 (UPGMA) and 0.91 (Tocher), the latter being significant by the Mantel test (p < 0.05). Six clusters were formed by using the Tocher method, four of which were composed by a single accession. Regarding the disposal of variables, traits TFDW, TFFW, PUN, %DM, FW, PT, and FL were shown to be disposable, and do not affect diversity prediction in terms of graphic dispersion. Accessions 9, 10, and 11 are indicated for in natura consumption, while accessions 2 and 3 are indicated for industrial purposes. These accessions showed the best results among the evaluated traits for the mentioned niches.
Introduction
Species Capsicum chinense Jacq. is native to the Amazon and is consumed in South America, the United States, and the Caribbean (Bosland & Votava, 2012; Moses et al., 2014) . This species is characterized by high climatic adaptation in tropical and equatorial regions, and by great diversity, mainly in fruits, which have different shapes, colors, sizes and pungency levels (Lannes et al., 2007; Alvares et al., 2012) . In addition, the species has great economic relevance, since its fruits are used as raw material in the food, spice, and pharmaceutical industries (Faria et al., 2013) . In general, fruits of the genus Capsicum are important sources of three natural antioxidants: vitamin C, carotenoids, and vitamin E (Rêgo et al., 2012) .
The pepper market is widely diversified, ranging from commercialization for in natura consumption and homemade preserves, to the export of industrialized products (Ferrão et al., 2011) . In both niches, pepper fruit traits associated with the taste, odor, texture, and nutritional value of fruits are important attributes (Braga et al., 2013) because they are directly related to the quality of the product. Among the traits, soluble solids content plays a key role, since high contents of this constituent imply lower sugar addition, shorter water evaporation time, lower energy expenditure, and higher product yield, resulting in greater savings in the process (Faria et al., 2013) .
To obtain genotypes of economic interest through a breeding program, a broad characterization of the genetic diversity of available resources is required (Hill et al., 2013 ). This will lead to hybrid combinations of superior strains, with greater heterotrophic effect (Pessoa et al., 2018) . Thus, using this diversity through genetic combinations will allow the emergence of genotypes that are more adapted, productive, and resistant to diseases, among other traits of interest to the market (Souza et al., 2011) . Furthermore, it will be possible to differentiate accessions and make them more useful (Padilha et al., 2016a) , identifying effective traits in several processes, such as growth regulation, biomass, and fruit production (Souza et al., 2015) .
For the study of genetic diversity, several methods are used. Multivariate analysis, which encompasses different methods, is represented by cluster analysis, principal component analysis, canonical variable analysis, and others. These analyses allow to predict genetic diversity for several traits simultaneously, consequently leading to a more extensive and efficient evaluation for the identification of divergent individuals, aiming at the orientation of crosses . Although there are a lot of divergence studies with Capsicum chinense Jacq. described in the literature, such as Finger et al. (2010) , Faria et al. (2012 Faria et al. ( , 2013 , Vasconcelos et al. (2014) , Souza et al. (2015) , Padilha et al. (2016b) and Pessoa et al. (2018) , which only evaluate or characterize genetic diversity for the choice of superior parents, none of them evaluates genetic diversity aiming at recommendations for specific market niches. Moreover, studies that aim to observe traits with redundant information for the prediction of genetic diversity are of interest, since it can lead to cost reduction in new experiments.
In view of the above, this study aimed to: i.-estimate the genetic diversity between Capsicum chinense accessions from the Active Germplasm Bank of Plants of the Federal University of Viçosa (BGH-UFV); ii.-indicate promising accessions for prospective studies of specific market niches; iii. evaluate the disposal of redundant traits.
Material and methods
The experiment was conducted in a completely randomized experimental design with four replicates and one plant per plot, in the experimental area of the Olericulture Sector of the Department of Plant Sciences of the Federal University of Viçosa (UFV), Viçosa city, located in the Zona da Mata of Minas Gerais State, Brazil, whose geographic coordinates are: 20º 45'S and 42º 51' W, and 650 m altitude.
Eleven Capsicum chinense Jacq. accessions from the Active Germplasm Bank of Plants of the Federal University of Viçosa (BGH-UFV) (Table 1) were evaluated for 11 quantitative fruit traits. ); VIT C: vitamin C content (mg 100g -1 of fresh fruit), and NSF: number of seeds per fruit.
TFW was obtained through three monthly harvests, in the period of higher plant yield. The other traits were obtained by the average of five mature fruits per plant.
To estimate the genetic divergence among accessions, the quadratic Euclidean distance (d 2 ) was used as dissimilarity measure, according to Equation 1:
( 1) in which:
is the quadratic distance between accessions i and i', where i, i' = 1, 2,..., 11; yi and yi' are the pdimensional vectors of the means of the observations of accessions i and i' (in cases of repetition); is denoted as metric, represented by the inverse diagonal matrix of residual variances and covariances of the sample of 11 accessions. This measurement promotes an increase in the weight of the most distant accessions, highlighting the difference between clusters. Moreover, the data are standardized by using the scale in terms of standard deviation, being indicated for variables that have different scales (Ferreira, 2011; . Standardization will allow the traits to contribute equally in the evaluation of the similarity between accessions, that is, preventing the variables with great dispersion to dominate the classification of the distances (Cruz et al., 2011) .
Subsequently, to characterize the accessions, we adopted the UPGMA (average linkage between groups) and Tocher methods.
For the UPGMA method, the determination of the optimal number of clusters in the dendrogram adopted the Mojena (1977) procedure, which consists in selecting the number of clusters in step j that satisfies:
, in which is the distance value of the fusion level corresponding to steps j (j = 1, 2, ..., g -1), and is the cutoff value, according to Equation 2:
in which:  is the mean value of  ,   is the standard deviation of  ; and k = 1,25, according to Milligan & Cooper (1985) .
To validate the consistency of the methods, the phenotypic correlation coefficient was applied, which measures the degree of fit between the dissimilarity matrix and the phenotypic matrix, that is, the preservation of the distances resulting from the clustering in relation to the original distances (Sneath & Sokal, 1973) . For the Tocher method, the phenotypic matrix was obtained by the method of Silva & Dias (2013) .
The efficiency of the classification of methods was evaluated by the Mantel (1967) test, which tests the hypothesis of a null correlation between the phenotypic matrix and the original distance matrix, with 1,000 permutations, considering the 5% level of significance; and by Fisher's discriminant analysis (1936) , based on the results of each clustering, considering the apparent error rate (AER) (Equation 3):
in which: n is the total number of classification; i e is the number of wrong classifications in each cluster (i = 1,..., g).
For the disposal of traits, principal component analysis was used in association with the direct selection method proposed by Jolliffe (1972 Jolliffe ( , 1973 . This selection method allows the elimination of traits with higher coefficient (eigenvectors) for the last components (eigen values lower than 0.7). Finally, the disposal effect was evaluated directly in the graphic configuration of the genetic diversity, through procrustes analysis (Krzanowski, 1987) . This analysis can be used to determine how much the new subset of variables (which can be represented by a subset of the original variables) represents the structure of the original data (Guedes & Ivanqui, 1998) . The similarity between configurations can be evaluated by means of the R coefficient (Krzanowski, 1987) , in which values close to 1 (one) indicate a great similarity between the evaluated configurations.
The disposal of redundant variables, that is, of low informative content, reduces the effort of data collection without restricting the accuracy of the morphological characterization and, consequently, of the genetic diversity analysis (Galate et al., 2012) .
All analyses were performed using the R software (R Development Core Team, 2018).
Results and discussion
According to Table 2 , there was greater genetic dissimilarity between accessions 2 and 10 (d 2 = 72.16). In contrast, accessions 1 and 5 are the most genetically similar (d 2 = 1.78). The clustering analysis by the UPGMA method resulted in two clusters, cluster I (CI), composed of eight accessions (72.73%); and cluster II (CII), with three accessions (27.27%). The Tocher method, in turn, divided the accessions into six clusters: CI, composed of five accessions (45.4%); CII, with two accessions (18.2%); and CIII to CVI, with only one accession (9.09%) each (Table 3) . The phenotypic correlation coefficients obtained for the UPGMA and Tocher methods were 0.72 and 0.91, respectively, the latter being significant by the Mantel test (p<0.05). Thus, it was found that the best representation of the genetic distances was obtained by using the Tocher method and, therefore, only the results referring to such methodology were discussed. In addition, Fisher's discriminant analysis applied to Tocher's clustering did not detect erroneous classifications, with the apparent error rate (AER) being zero.
In the Tocher method, CIII showed the highest values of TSS (10.4 °Brix), responsible for giving aroma and flavor to the fruit, and %DM (20.7%). CIV, in turn, showed the highest values of VIT C (123.3 mg 100g -1 ) and FL (59.8 mm) (Table 4) . Moura et al. (2010) obtained mean values of VIT C similar to those found in this study, and verified the viability of using germplasm per se as a source of vitamin C. These two clusters together presented the highest values of important traits for industrial purposes such as production of sauces, paprika, and preserves, as mentioned by Faria et al. (2013) and Leite et al. (2016) , in addition to cosmetic and pharmaceutical uses (Leite et al., 2016) . Thus, accessions belonging to clusters CIII and CIV, accessions 2 and 3, are indicated for prospective studies aimed at the industrial market. ) and PT (3.2 mm), respectively (Table  4) . Domenico et al. (2012) reported the existence of environmental influence on fruit pungency and plant development, so comparisons are recommended only under similar conditions. For Paulus et al. (2015) , pungency is an important commercial attribute and a quality requirement for fresh peppers and processed products. In the pharmaceutical field, Capsicum is used as an active principle for the production of several drugs (Domenico et al., 2012 ).
Based on the pungency level, accessions belonging to clusters CII and CVI are indicated for in natura consumption in the form of salad, due to the absence of capsaicin. Furthermore, they show high values of TFDW, FL, PT, and NSF, both related to firmness -a requirement that is essential for the in natura market, as mentioned by Casali et al. (1984) . Therefore, accessions 9, 10 (CII), and 11 (CVI) are indicated for prospective studies aiming at in natura consumption (Table 4 ).
In the principal component analysis, we observed that the first two components (PC1 and PC2) account for 79% of the total variation of the data. This result is close to that recommended by Cruz et al. (2012) , that is, values around 80% are considered satisfactory. PC1 alone accounts for 66.93% of the total variation, while PC2 accounts for 12.13% (Table  5) . Among the studies of genetic divergence between Capsicum spp. by means of principal components analysis, Bento et al. (2007) observed that about 72% of the total variation was explained by the first two components. On the other hand, Leite et al. (2011) , when studying the divergence between 60 accessions of Capsicum spp., found that only 47% of the total variation was explained by the first two principal components.
In Table 5 , of the eleven principal components, seven have a variance lower than 0.7 (eigenvalue less than 0.7). According to Jolliffe (1972 Jolliffe ( , 1973 , these components correspond to the number of traits that can be discarded; therefore, seven traits (63.3% of the 11 traits evaluated) can be discarded. Analyzing the last seven principal components, we observed that the traits indicated for disposal have the largest eigenvectors per component, namely: TFDW (-0.67), TFFW (-0.86), PUN (0.53), %DM (0.77), FW (-0.54), PT (0.62), and FL (0.68) , as shown in Table 6. Hence, optimal selection was given by the following subset of variables: TFW, TSS, VIT C, and NSF. In bold, the seven eigenvectors less important to explain the total variaton. 2 TFW: total fruit weight per plant (g); TFFW: total fruit fresh weight (g);TFDW: total fruit dry weight (g); % DM: percent dry matter (g 100g Subsequently, to evaluate the effect of trait disposal in the prediction of genetic diversity by means of graphic dispersion of the accessions, procrustes analysis was used. First, it is observed that when considering the configuration with eleven traits versus four traits -excluding the seven traits that can be discarded by Jolliffe's method (TFDW, TFFW, PUN, %DM, FL, PT, and FL), the graphic dispersion of the accessions was not altered, since visually only one point represents the position of the accessions ( Figure 1A) . Therefore, the disposal of the traits mentioned above did not influence the graphic dispersion, confirming their disposability, as observed by Jolliffe's method. In addition, the R coefficient was equal to 0.99, evidencing the high similarity between the two configurations evaluated. In contrast, when analyzing the configuration with eleven traits versus ten traits -excluding TFW, which according to the literature is extremely important both for the determination of genetic diversity and for yield (Moreira et al., 2009) , not being indicated for disposal by Jolliffe's method; there was a large change in the graphic dispersion of the accessions ( Figure 1B) . Therefore, this trait is of paramount importance in diversity analysis. The R coefficient was equal to 0.57, indicating a smaller association between the evaluated configurations. Specifically, this figure shows the existence of three distinct points for each accession, one of which represents the analysis with all eleven traits, while another considers ten traits (except TFW); moreover, between the two previously described points, a third point is given by the average between the two previous configurations.
The results of the methods for trait disposal agreed with each other, demonstrating that it would be redundant to analyze these traits in future research of genetic diversity in peppers under experimental conditions similar to those used in this study; saving time, labor, and financial resources (Yamaki et al., 2009 ). This magnitude of trait reduction (63.3%) was similar to that observed by , who, when identifying minimum descriptors for the characterization of Capsicum spp. germplasms, obtained reductions of almost 50%.
Conclusions
In the Tocher method, the 11 accessions were partitioned into six clusters, due to genetic similarity.
Accessions 9, 10, and 11 were indicated for in natura consumption, since they show the highest values of traits requested by the market. Moreover, accessions 2 and 3 are indicated for the industry.
Traits TFDW, TFFW, PUN, %DM, FW, PT, and FL can be discarded by Jolliffe's method, and do not affect diversity prediction in terms of graphic dispersion.
